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ROYAL AIRCRAFT ESTABLISHMENT 

SOUS PHYSICAL PROPERTIES 07 TBRPHENYL RESIN BONDED LAMINATES 

by 

B. Nixon 


SDMMABY 


The production of heat resistant thermosetting resins based on terphenyl 
and j>. rylylene diohlorids In various ratios Is described. The strength of 
the laminates made from these resins la shown not to differ greatly and It Is 
oonoluded that the oross-linking density remains the same for the three ratios 
Investigated. 

The resistance of asbestos laminates to gamma radiation and strong 
alkali is investigated, together with some preliminary strength tests oa gloss 
reinforced laminates. 

Infrared speatrophotonetry shows that the methylene groupe within both 
terphenyl and polybensyl resins are oxidised during ageing at elevated 
temperatures. 
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1 INTRODUCTION 

Tho exploitation of the Priedol-Crafta reaetlon between aromatic hydro¬ 
carbons and dichloromothyl derivatives has led to promising heat resistant 
polymers . A useful inexpensive polymer is that based on a mixture of ortho 
meta and para terphenyls (Santowax R.) and some of tho properties of asbestos 
reinforoed laminates were given in a preliminary report*. 


It was noted during this investigation that the laminates displayed some 
initial thermoplasticity, which disappeared on agoing at elevated temperatures. 
It was appreciated that this could be partly duo to low cross-linking density 
and it was realised that a more detailed investigation would be required to 
resolve this point. 

It was deoidod to prepare terphenyl resins with different molar ratios 
of terphonyl to £. xylyleno dichlorido, and to investigate their physioal 
properties. Additionally the physioal properties of asbostos reinforoed 
laminates bonded with those different rosins would be determined. 

Preliminary investigations of glass oloth laminates have been made using 
tho resin with tho most suitable ratio of terphonyl to £. xylylone dichloride 
as found above. 

A further point of interest from the initial report was the weight 
inoreaso which followed hoating in air at tomporaturos above 200°C. The process 
was followed by infrared spo o tropho tome try and evideneo for oxidation of tho 
methylene groups is presented. 


2.1 Theory 

By using a 1:1 molar ratio of terphonyl to £. xylylono dichloride a 
1inoar polymer of the following structure should be produced: 

(XXKh-OC^<>\ “ 


Additional £. xylylono diohlorida should bring about oross-linking leading 
to the following struoture. 
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By increasing the ratio of £. xylylene dichloride to tarphenyl, it was 
thought that a greater oross-linking density* hence greater strength* and leas 
themoplastioity at elevated temperatures could be obtained in the finally 
oured resin 2 . From previous experience it was felt that the ratios 10:11, 

10:13* 10:13 of terphenyl to £. xylylene diohlorido were the most suitable for 
comparison. 

The resin oould be mode in two stages. In the first stage a ratio of 
4 moles of terphenyl to 3 moles of £. xylylone dichloride was used* so producing 
a thermoplastic resin and then this resin could be reacted with a further 
amount of £. xylylene diohlorido to give a highly branched resin that would 
cross-link on further heating. 

2.2 Praotioe 

The resin was made in two stages. The first stage resin was mads in the 
melt at 1*j0°-l80°C, while the second stage was made in a suitable solvent in 
order to give a solution of the thermosetting resin in any of the three ratios 
to be investigated. 

2.2.1 First stage resin 

13*36 moles (3533 grams) of Santowax ft, a commercially available fens 
of the mixed terphenyl* and 11*4 moles (1997 grams) of £. xylylene diohlorlde 
were heated together (Table l). The 10 litre reaction vessel, whioh had a wide 
nook to facilitate the pouring of the liquid resin* was fitted with a powerful 
stirrer* a thermocouple lead, an argon supply to prevent oxidation of the 
reaotants and a straight through oondensor, connected to a reoeivlng vessel 
containing a known amount of alkali. 

Vhen both the reaotants had melted they were kept at 130-180°C. The 
catalyst, 3*0 mis of ICJt V * stannic ohlorido in 1.2 dlohloroethane was added 
at intervals when it was noticed that the hydrogen chloride evolved had slowed 
down. The hydrogen ohloride was dissolved in water and neutralised against 
twioe normal (2N) sodium oorbonate* using bromo-pbenal blue as an lndloatar 
(Fig.l). Towards the end of the renotion, the temperature of the reaotants 
was increased to 180°C in order to assist the pouring of the resin* this was 
when 80jfc of the theoretical amount of hydrogen ohloride had been evolved. 

The first stage resin had a softening range of 80-95°C and whan fresh wee 
a dear red and transparent, but on several days standing it beoamo green and 
opaque. The resin was typioolly thermoplastic, and should have a molecular 
weight in the region of 1000 to 1200. 

On two occasions a crude pilot-plant batoh of £. xylylene diohlorlde 
was used to make the resins* but the reaction was so violent that it beeasMi 
uncontrollable and gelled^. Upon investigation it was found that the 
£. xylylene diohlorlde was contaminated with a strong oatalyst* so inoreasing 
its reaotivity that even the £. xylylene diohlorido oould oross-link itself. 

Upon purification by further reoxystallisation the £. xylylene diohlorlde 
behaved in the normal manner. 
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2.2.2 ggoond stase resin - small scale 

The second stage resin ms made on a small scale in order to find out how 
muoh hydrogen chloride oould be evolved before gelation. This was done with 
all the three ratios investigated (Fig.2). 

50*2 grams of the first stage resin was dissolved in 120 grams of 1.2 
diohloroethane (Tbble l). The flask was fitted with an air supply to sweep over 
the hydrogen chloride evolved through a straight condenser to the reoeiving 
vessel containing known amounts of alkali. When the resin had dissolved the 
appropriate amount of £. xylylono dichloride was added (Table l). The whole 
ms gently boiled, ffhen the £. xylyleno dichloride had dissolved, a little 
oatalyst was added and a stoady flow of hydrogen chloride ms evolved. The 
acid ms titrated against 2N sodium carbonate using bromo-phenol blue as 
indicator. 

All the samples of this seoond stage resin gelled after between 1*95 and 
2*22 grama of hydrogen ohlorlde had been evolved, regardless of reactants ratios 
employed. 


2.2.3 Second stage resin - large scale 

This large batch of the second stage resin ms only taken approximately 
60# of the way towards gelation, so that a solution of a potentially thermo¬ 
setting resin was obtained. 

900 grams of the first stage resin was dissolved in 2560 grams of 1.2 
diohloroethane in a 10 litre flask fitted as in the small aoale preparation. 
When the first stage resin had dissolved the appropriate amount of £. xylylene 
dichloride was added, then the whole was gently boiled. A little oatalyst was 
added and the hydrogen ohloride evolved was titrated against the alkali. 

After approximately 60# of the total possible hydrogen ohloride had been 
evolved this sooond stage resin was cooled. This resin would be used either 
diluted with 1.2 diohloroethane to impregnate the asbestos felts or used 
undiluted to impregnate the glass fabrio. 

3 FABRICATION OF BOARDS 

3*1 Asbestos laminates 

The boards, 12 inohes square and approximately l/lOth of an inch thick 
were made by using five asbestos felts for each. The appropriate amount of the 
seoond stage resin was diluted with more 1.2 diohloroethane so as to make a 
solution having a solids oontent of between 10 and 12#. 

Saoh piece of asbestos felt was weighed and impregnated with the 
appropriate amount of diluted resin to give a resin oontent on the cured boards 
of 5Q#. The "A" direotionr was marked on the felts whioh were then left to 
dry in air at room temperature for at least 24 hours. 
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Seta of five felts were used to make each hoard. The felts sere assembled 
with the grain direotion parallel and oured at 185°C and 500 lb/sq in. for 
90 minutes, using steel platens ooated with stearate grease. A powerful 
extraction system was fitted to the press in order to remove the hydrogen 
ohloride evolved during the cure, particularly when the hoard was vented at 
30, SO and 90 seoond intervals. The hoards were left to cool under pressure 
until their temperature fell below 100°C. Bach hoard was post oured for 
72 hours at 200*C. During the post cure it was noticed that large amounts 
of £. xylylene diohloride sublimed onto the walls of the post curing oven when 
the 10:13 ratio resin and espeoially the 10:15 ratio resin had been used for 
the impregnation. 

3.2 Class laminates 

Glass laminates were made using satin weave glass doth with three 
different finishes (Marglass heat cleaned, M&rglass 717, and Tothergill and 
Harvey N0L-2A). 

Tour strips of each glass cloth 56" x 9" x 0*006" were impregnated with 
the undiluted seoond stage resin made using a 10:11 molar ratio of terphenyl 
to £. xylylene diohloride, and left to dxy in air. Saoh laminate was mads by 
using eleven plies of the impregnated cloth 7i" square and oured in a frame 
mould (fig.10) at 185°C for 90 minutes at a pressure of approximately 20 lb/sq in. 
The laminates were oooled under pressure and then post oured for 24 hours at 
180°C and for 120 hours at 200°C. 

4 anrnffl asa m physical aggaa 

The following tests were carried out on the asbestos laminates made with 
ratios of terphenyl to £. xylylene diohloride of 10:13 and 10:15 “ 

flexural strength at room temperature and at elevated temperatures, 
density, resin oontent and loss in weight of the laminates. 

The above properties for the laminates made using the resin with the 
10:11 ratio are taken from Teohnloal Note CPM 8 . In addition to the above 
properties, the resistance of those laminates to strong alkali and radiation 
was also investigated. 

The glass laminates were out into flexural strips and tested both at 
room temperature and at 240°C after ageing at 240°C for up to 1000 hours. 

Density, resin oontent and loss In weight were also determined. 

4.1 flexural strength at room temperature 

The flexural strength of the speoimens at room temperature was determined 
on a three point bending rig (based on the reooamendatlons laid down in 
B.S.2782, Part 3, Method 3QW, and in A.S.T.M. Specification D.790-59*) built 
into a large oven (see Appendix l). A two inoh span width was used throughout 
the testing and typically five speoimens were tested in eaoh group. Tasting 
was oarried out on eaoh set of heat aged speoimens (Tables 2 and 5*7)• 
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4.2 Flexural strength at elevated temperatures 

The flexural strength of the specimens at elevated temperature was 
determined on the same rig as was used to determine their strength at roam 
temperature. 

Short term ageing, up to 100 hours, was done entirely within the testing 
oven; long term ageing was carried out in separate ovens, the specimens being 
transferred to the oven rig at least one hour before testing. The temperature 
of the oven was controlled to within 2°C of the testing temperature (Tables 3 
and 6-7). 

4*3 Density 

The density of the specimens was determined by weighing and measuring 
the flexural specimens (Tables 4 and 8). 

4.4 Resin content 


Resin contents were determined on the flexural specimens, after they had 
been broken, by ashing to oonstant weight at 800°C on a Stanton thoraobalanoe' 
(Tables 4 and 8). In the oase of the asbestos laminates allowance was mads far 
the loss of weight of the asbestos itself?. 

4*5 Isixht !< >"» on T,« winatea 

Weight loss on the laminates was determined on the flexural specimens for 
different times at 200°C, 240°C and 300°C (Table 8, Fig.3). 

4.6 Resistance to alkali 

To observe the effect of strong alkali on the laminates, flexural specimens 
were immersed in 4Q$ sodium hydroxide or Iffy- potassium hydroxide at room 
temperature and at 50 °C. 

The specimens removed after eaoh poriod of ageing were washed thoroughly 
in running water and dried in an air oven at 50°C so that they were completely 
dry and alkali free* The flexural strength of the specimens was determined on 
the three point bending rig. The figures are given in Table 3 and graphically 
in Fig.4> 

The good retention strength of terphenyl laminates after 4000 hours 
exposure to alkali is similar to that to be reported by Moore” for polybouyl 
laminates. Both these Friedel-Craft resins are superior to convention^, 
phenol to resins using the same roinforoeawntr. 

4*7 Resistance to radiation 

In view of the high aromatic content of the terphenyl resin it should 
display good radiation resistance. For this reason it is of potential interest 
as a structural material in atorn!o energy applications. 
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In order to obtain evidence on this point flexural specimens taken from 
an asbestos laminate made with the 10:11 molar ratio resin were subjected to 
10, 100 and 500 megarad doses of gamma radiation at the Royal Military College 
of Soienoe, Shrivenham. After eaoh dosage the speolmens were tested on the 
three point bending rig at room temperature and at 240°C (Table 6). 


5 INFBAMD SPBCmOPHOTOMiaY 

It has been notioed with several resins that during the ageing at 
elevated temperatures of both the resins and the laminates an increase in 
weight occursThe most obvious explanation for this increase in weight 
is that the methylene group -CHg- is being oxidised to a carbonyl group -C«0. 

Infrared speotrophotometry is well suited to following such ohemioal 
changes during a series of operations'. 

Both a terpbenyl and a polybenayl resin were tested to see Aether their 
methylene groups oould be detected initially and Aether on exposure to heat 
these groups were replaced by the corresponding carbonyl groups. 

A solution of the thermosetting resin was poured onto a sodium chloride 
disc and the solvent allowed to evaporate at 50 °C to produoo a dear film. 

The diso was mounted in a frame holder which was kept in the same position 
throughout the series of recordings. An initial spectrum was taken, then 
further spectra were reoorded after 1 hour at 185°C, a second hour at JJ00°C, 
and finally after prolonged exposure (oa. 2k hours). 


A series of standards were used to verify the positions of the main 
absorption peaks:- 

(a) Santowax R. was used because of its aromatic groups. 

(b) £. xylylens diohloride showed the methylene chloride groups (CHgCl). 

(o) 1.2. diohloroethane, again for its methylone groups and because it 

was the solvent used. 


(d) Bensophenone for the presenoe of the axyl ketonic groups. 
The above spectra oan be seen in figures 6 to 9 inclusive. 


pncwCT st 


as 


On comparing the resins made in the different ratios it should be 
notioed that regardless of the amount of s. xylylens diohloride present, the 
gelation point is approximately the seme in all oases (Vig.2). It was also 
notioed Aat large white orystala of £. xylylene diohloride oould be seen 
wader a low power miorosoope, in the gelled resin, especially in the highsr 
ratio resins. £. jqrlylene diohloride sublimed from Ae laminates during their 
post cure. 
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At 200°C the flexural strengths of the terphenyl laminates from the three 
resins are quite similar, reaching their maximum cold strength after at least 
1000 hours of ageing, while their strength at 200°C seems to be at a maximum 
between 1000 and 2000 hours. 

Remembering that both the phenolio laminates - R.A.7 ^ and the terphenyl 
laminates made from the 10:11 ratio resin were aged at between 230°C and 240*0, 
whereas the other terphenyl laminates were aged at 240°C, tlien their flexural 
strengths oannot be compared directly. The only comparison that oan bo drawn 
is between two sets of laminates made from the rosins of higher molar ratio, 
and these are obviously quite similar. 

At 300°C, although all the specimens were aged in the same oven, but at 
different times, the severity of the temperature seems to degrade the laminates 
at roughly the same time - 75 to 100 hours. 

All the laminates had low hot strengths at the beginning of each exposure 
schedule, but all improved during the subsequent ageing. 

Woight losses of the throe sets of laminates at 200°C were similar, at 
230-240°C tho laminates from the liigher ratio resins lost more weight than the 
laminates made from the lower ratio, again on aooount of the former being aged 
at a lower temperature than the latter. At JOO°C the laminates with the higher 
ratio resins tended to lose weight more rapidly than the other laminates. 

®io resistance of terphenyl laminates to strong alkali are given in 
Table 5 and Pig.4. From those results it oan be seen that the terphenyl 
laminates retain at least 71$ of their original flexural strength even after 
4000 hours immersion in the strongest of alkali. The best phenolio laminates 
in this respect, R.A.1. oould only retain 50 % of their original flexural 
strength after tho same exposure, and were below 71 $ before 500 hours of 
immersion had boon attained”. 

The apparent resistance of tcrphenyl/osbostos laminates to gamma radiation 
is encouraging, as there appeared to be no detrimental effect after a dosage of 
500 mogarad. In viow of this a series of longer exposures using glass reinforced 
laminates has boon started. 

Little work has been done so far on glass laminates, but even so seme 
useful information has been obtained. The resin content, densities and weight 
losses of the laminates arc all similar, but the flexural strengths vary con¬ 
siderably boforo and during agoing at 240°C. 

Tho laminate containing glass fabric having the NOL -24 finish had the 
best initial cold strength, but it also had the poorest initial hot strength. 
After 100 hours at 240°C, at which time it oould be assumod that each laminate 
had reached its optimum properties, the heat cleaned fabrlo laminate had the 
best overall strength properties. After 1006 hours ageing all three laminates 
had similar flexural strengths at 240°C. Laminates with a hot flexural strength 
of 24,000 lb/sq in. aftor 1000'hours at 240°C are wood compared with present 
polyester and epoxy laminates”. ” 
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Laninatea made with the heat cleaned fabric always broke oloanly during 
testing, whereas in the other laminates the specimens were often delaminated* 
It was also notioed that the NOL-24 finished glass laminates did not tend to 
warp as ouoh as the other two during ageing at 240°C. 

It oan be seen from Table 8 that the glass reinforoed laminates lose 
muoh less weight at 240°C than the asbestos laminates at the same temperature. 
As all the weight loss must be the actual terphenyl resin, than after 1000 
hours at 240°C approximately 7 to 12$ of the resin within the laminate is 
lost, while 14$ to 20$ of the resin within the asbestos laminates is lost 
(average of the two higher ratio resins)* 

Taking the terphenyl and polybenqyl resins in figs.7 and 8, their 
methylene groups (-CHg-) can easily be deteoted by their strong absorption 

peaks at 2926 cm** 1 and 2853 cm"* 1 together with peaks at 1465 i 20 on -1 
(figs.7a and 8a), which are similar to the absorption peaks produced by the 
methylene groups in £. xylylene diohloride and 1.2. diohloroethane (figs.6b 
and 6c). On exposure to elevated temperatures the concentration of methylene 
groups decreases and there is a corresponding increase in the strength of the 
absorption peak in the region of 1670-1660 cm” 1 (Kgs.7 and 8), whioh 
corresponds to the oarbonyl groups absorption range? as can be seen in the 
speotrum of bonsophenono (Tig.9). There is a muoh broader but less oomrinoing 
range for a oarbonyl structure at 1200 £ 100 cm -1 whioh oan be seen in tbs 
later speotra of both resins and in bonsophenone. 

7 C0NCLDSICW8 

The main conclusion to be drawn from the present work is that no matter 
what quantity of £. xylylene diohloride is used in the manufacture of the 
resins, the gelation point and the cross-linking density remain unchanged. 

The foot that free £. xylylene diohloride is observed when the higher ratio 
resins are gelled and also during the post cure of the laminates at 200°C, 
seem to point to the faot that any excess £. xylylene diohloride takes no 
part within the resin or the laminates. 

Increasing the proportion of £. xylylene diohloride to terphenyl makes 
no difference to the initial hot strength of the laminates and only long 
ageing at elevated temperatures is effeotive in giving a reasonable hot 
strength. It oan be assured that the extra £. xylylene diohloride does not 
inoreaae the cross-linking density at all. 

The resistance of terphenyl laminates to sodium and potassium hydroxide 
is excellent, end the resistance to gemma radiation is very encouraging, 
further work ia in progreee to confirm the radiation reaietanoe of terphenyl 
bonded glass laminatss on prolonged exposure* 

The glass laminates oan be made with reasonable ease, but a muoh larger 
programme should be undertaken to study the effeots of different finishes of 
the glass doth on the resultant laminates. 

It seems clear that the methylene groups in both the terphenyl and 
polybengyl resins are slowly oxidised to oarbonyl groups by ageing at elevated 
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temperature# in air. This contrasts with the finding# of Conley and Bieron?, 
who found rapid oxidation of the methylene group# to carbonyl groups in 
phenolio rosin# exposed to oxidative conditions. 

In order to study in detail all the properties of terphenyl bonded 
laminates, largo soale production of the resin and impregnated materials sill 
have to bo done, and suitable arrangements are being worked out with oommeroial 
organisations. 

8 WARNINGS 

Attention is drawn to the toxio hasards involved in handling jj>. xylylene 
diohloride, 1.2 diohloroothano and hydrogen chloride 10 . 

It is advisable to use barrier oreams on exposed areas of skin and to 
have adequate ventilation during the impregnation and ouring of the felts. 
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APPENDIX 1 

USE 0? HIGH TBMPERATUBE FLEXURAL M& 


The floxural strength (oross breaking strength) of the laminates was 
measured both at room temperature and at elevated temperatures on the same 
apparatus (Pigs.11 and 12;. The conditions of testing were governed by 
B.S.2782, Part 3» Method 304b, and by A.S.T.M. Specification D.790.59T. 

The specimen is plaoed across the two supports and the load is applied 
across the oentre of the specimen by means of a piston actuated by a normal 
factory air supply system. Hie loading rate can be varied by moans of the 
regulator valve so that the specimen will break within 15 to 45 seoonde at 
applying the load. A maximum load pointer shows the exact breaking load 
reoordod through the load gauge. 

The actual procedure is as follows 

(a) Specimen is plaoed aoross the two supports. 

(b) Open main air supply tap. 

(o) Leave tap A open and dose tap C. 

(d) Tap D should be open to the atmosphere, while tap B is dosed. 

(o) The regulator tap is slowly opened and the piston faroes the plunger 
onto the load oell, whioh is connected to a gauge showing the load being applied, 
while the regulator gauge only shows the air lino pressure. 

(f) When the spoolmen broaks, taps B and C should be opened, and tap D is 
dosed. The piston will then return to the top of the cylinder. The breaking 
load is reoordod on the load gauge. 

(g) Tho regulator vdvo is turned off and the broken specimen removed. 
During elevated temporature testing tho load cell should be removed from the 
top of tho loading plunger, as heat affects tho instrument. 

Pie rural strength ■ - * ^-4 

2BTT 


S ■ Span betwoon the supports. 

L s Brooking load. 

B s Width of speoimen in inches. 

T b Thickness of speoimen in inohes. 
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TABLB 2 




th of &.A.7 and three 


after 




Hours 

a.. 

A.7 

10*11 

10:13 

10:15 

- 

200°C 

t 

200°C 

2X°C 

2X°C 

Nil 

38,200 

42,900 

33,100 

± 9,400 

24,6X 

± 8,3X 

23.9X 

±6,9X 

25 

41,800 

±4,700 

34,800 

± 4,400 

31,4X 

±10,4X 

28,2X 

±4,2X 

50 

42,300 

±5,000 

34,100 

± 7,500 


- 


- 

100 

40,800 

±3,600 

35,500 

± 6,300 

28,200 

± 7,3X 

28,2X 

±3,8X 

250 

34,400 

±1,500 

32,900 

± 1,500 

28,IX 

± 8,7X 

28,IX 

±3,7X 

500 

41,500 

±6,000 

30,600 

± 6,300 

26,9X 

t 6,000 


mm 

1000 

26,600 

±2,000 

39,800 

± 800 

24, IX 

t 9,600 

28,3X 

±2,3X 

2000 

16,300 

±1,500 

36,400 

± 8,600 

22,7X 

± 8,IX 

22.5X 

±4,6X 

4000 

< 3000 

30,900 

± 5,900 

20,2X 

±11,OX 

17,3X 

±3,5X 

- 

230-240°C 

230-240°C 

240°C 

240°C 

Nil 

38,200 

±2,900 

23,OX 

± 6,400 

24,6X 

± 8,3X 

23,900 

±6,9X 

25 

44,800 

±6,400 

27,OX 

± 3,IX 

29,4X 

±10,4X 

28.4X 

±3,8X 

50 

36,100 

±4,000 

30, IX 

± 3,9X 


mm 


• 

100 

26,000 

±1,700 

27,OX 

± 5,4X 

31 ,ix 

±10,000 

23.2X 

±5,5X 

250 

17,700 

±2,700 

26.7X 

± 8,6X 

27.3X 

± 8,200 

21.3X 

±3,5X 

500 

18,600 

± 800 

26,7X 

± 6,400 

28,400 

± 7,500 


mm 

1000 

10,700 

±6,900 

26,7X 

± 9,IX 

22.4X 

± 6,7X 

23,5X 

±3,IX 

1500 

7.900 

±1,800 



20.3X 

±10,7X 

17,9X 

±8,IX 

2000 

6,500 

±1,800 

23,3X 

± 7,3X 

10,8X 

± 3,7X 

10.9X 

±4,8X 

- 

300°C 

3X°C 

3X°C 

3X°C 

Nil 

38,200 

±2,900 

22,7X 

± 5,9X 

24,6X 

± 8,3X 

23,9X 

±6,9X 

5 

35,000 

±4,100 

27,500 

± 8,500 

19,9X 

2,3X 

25.8X 

±3,8X 

10 

38,200 

±3,100 


- 


mm 


mm 

15 

25,700 

±5,600 

27,5X 

±10,OX 

26,OX 

± 2,6X 

24,IX 

±4,8X 

25 

! < 3000 

22,6X 

± 4,600 

21,3X 

± 9,500 

25 ,ix 

±1,5X 

50 



18,2X 

± 4,7X 


- 


- 

75 



15,100 

± 7,4X 

15,2X 

± 2,5X 

12,2X 

±5,5X 

150 



5,6X 

± 9X 

| < 300° 

1 ! 

j < 30X 
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Flexural strength of B.A.7 and three terphenyl lwinetee of different 
ratio at elevated temperatures after ageing at that temperature 


Hours 

2 

.A. 7 

10:11 

10:13 

10:15 


200°C 

200°C 

200°C 

200*C 

1 

36,100 

± 7,900 

11,800 

± 7,200 

12,550 

±3050 

14,400 

±3,300 

25 

40,000 

± 3,800 

13,200 

t 8,200 

12,550 

±3000 

21,600 

±3,600 

50 

39,100 

± 2,700 

15,350 

± 8,650 

- 


m 

100 

34,100 

± 4,300 

20,350 

± 8,850 

13,500 

±4,600 

22,100 

±3,100 

250 

33,300 

i 2,100 

18,900 

± 3,900 

17,800 

±5,100 

19,500 

±4,100 

500 

40,100 

i 7,600 

25,000 

± 9,900 

13,800 

±1,200 

20,600 

±4,100 

1000 

25,800 

± 3,000 

31,000 

i 8,000 

15,900 

±1,500 

21,700 

±4,200 

2000 

16,100 

♦ 1,800 

39,350 

± 6,650 

17,000 

±1,200 

23,000 

±3,700 

4000 

< 3000 

25,600 

± 4,800 

16,600 

±3,200 

17,400 

±1,500 


230-240°C 

230-240*0 

240°C 

240*C 

1 

40,600 

± 3,400 

13,W» 

± 4,500 

8,900 

±3,500 

11,900 

±4,200 

25 

39,200 

±10,300 

18,300 

± 6,000 

9,650 

±4,050 

16,800 

±3,000 

50 

34,600 

± 5,400 

23,200 

± 3,400 




- 

100 

24,500 

± 4,500 

22,100 

± 6,000 

10,400 

±3,500 

15,500 

±2,100 

250 

15,300 

± 2,100 

21,900 

± 4,300 

13,900 

±6,500 

16,900 

±1,600 

500 

15,100 

± 1,600 


• 

14,100 

±3,600 

20,100 

±2,000 

1000 

8,800 

i 2,900 

23,200 

± 8,000 

12,600 

±4,000 

18,800 

±2,600 

1500 

6,000 

± 1,000 


- 

12,500 

±2,800 

11,800 

±2,900 

2000 


- 

19,800 

± 4,200 

7,500 

±2,200 

8,400 

±3.500 


300°C 

300*0 

300°C 

300*C 

1 

38,800 

± 2,700 

10,300 

±21,500 

8,200 

±5,000 

13,450 

±5,150 

5 

36,200 

± 4,300 

11,700 

± 4,800 

6,350 

±3,400 

11,400 

±5,400 

10 

32,700 

± 1,500 


- 


- 

9,600 

- 

15 

25.700 

± 2,700 

14,900 

± 6,300 

7,350 

±2,700 

±3,500 

25 

< 3000 

15,800 

± 6,800 

7,200 

±3,300 

10,500 

±2,600 

50 



17,700 

± 7,000 


- 


- 

75 



16,400 

± 2,900 

6,000 

± 800 

9,000 

±1,700 

150 



7,600 

± 2,900 

1 < 3000 

J_ 

< 3000 


17 


















Teohnioal Note No. CPM.47 




Penalty (grama/o.o.) and reain content of aabeatoa laminates bonded with 
" terphenyl realna In threedlfferent ratios 



/ 

Density grma/o 

• 0. 

Reain content % 

| Temperature j Hours 

10:11 



10:11 

10:13 

10:15 

f 

Nil 

1*48 

1*49 

1*49 

49*5 

49*5 

49-5 

200°C { 

250 

1*48 

1*52 

1 *49 

47*7 

50*0 

51*0 

1000 

1 *48 

1*48 

1*51 

48*0 

50*5 

53*0 


2000 

1-49 

1*53 

1*53 

47-4 

47*5 

52*5 

l 

4000 

1*52 

1*55 

1*49 

44.4 

49-5 


■Hi 

Nil 

1*43 

1*49 

1*49 

46 *8 

49*5 

49 *5 


250 

1*46 

1*49 

1 *48 

47*8 

49 «5 

48-5 


1000 

1*47 

1*52 

1*48 

45*0 

44*0 

45*0 


2000 

1 *47 

1*41 

1*39 

39-2 

37*5 

41*0 

■mu 

4000 

- 

1*29 


• 

35*0 

31*0 

* 

i 

Nil 

1*38 

1*49 

1 *49 

48*4 

49*5 

49*5 

j 

50 

1*37 

1-45 

1*46 

44-2 

44*2 

45’2 

300°C , 

75 

■> 

1*31 

1-34 

- 

39*0 

42*5 

1 

150 

1*28 


1*06 

31*7 

_ 

* 

24*0 


•Note:- The 10:13 and 10:15 were aged at 240°C, whereas the 10:11 were 
aged at 230-240°C. 
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TABLE 5 

Flexural strength of 10:11 ratio torphonyl/asbaatoa laminates after 
Hmersion' in 40fc solution of strong alkali 


Hours 

exposure 

Sodium hydroxide Potassium hydroxide 
room temp. [ room tamp. 

Sodium hydroxide jpotasaium hydroxide 
at 50°C { at 50°C 

Nil 











~ 36.500 

p.S.X. S if ,T*J - 




100 

32,900 

13,300 

29,600 

+1,200 

26,900 

±1,900 

26,800 

±400 

500 

37,300 

±3,500 

32,500 

±9,400 

29,400 

±2,800 

34,700 

±1,400 

1000 

34,500 

+3,200 

34,800 

+2,600 

29,300 

±2,700 

30,200 

±1,000 

2000 

26,900 

+1,600 

28,700 

±5,700 

29,600 

±3,800 

27,900 

±1,200 

4000 

27,000 

+300 

29,800 

t 

±2,400 

31,800 

±1,500 

27,900 

±560 


TAftT.X 6 


Flexural strength of 10:11 ratio terphenrl/asb ****** i—« fter 
exposure to gamma radiation, tested at root temperetureandat 24b B C 


Dosage 

Boom temperature 

240°C 

Nil 

26,700 

±4,700 

17,000 

±2,500 

10 megarad 

26,700 

±4,000 

23,200 

±900 

1 100 • 

28,000 

±1,700 

23,700 

±1,800 

1 500 • 

i 

27,000 

±1,700 

24,000 

±1,400 
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FIGL FIRST STAGE RESIN-LOSS ON HYDROGEN CHLORIDE AGAINST TIME. 
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FIG 2. 
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T.N.C.PM.47. 

FIG. 3. 



FIG.3. WEIGHT LOSS OF ASBESTOS LAMINATES BONDED WITH TERPHENYL RESINS. 
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FIG. 4. 
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FIG. 4. PERCENTAGE RETENTION OF FLEXURAL STRENGTH OF TERPHENYL 
LAMINATES AFTER AGEING IN STRONG ALKALI. 
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FIG. 5. PERCENTAGE RETENTION OF FLEXURAL STRENGTH OF TERPHENYL 

GLASS LAMINATES TESTED ON 240°C. 
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Fia6.Cc) SANTOWAX A. 
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INFRARED SPECTRA 
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FIG. 7. (a-c) 


FIG.7.(a) INITIAL TERPHENYL RESIN. 
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FIG.7.® TERPHENYL RESIN AFTER I HOUR AT ISS*C. 
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FIG. 7.<c) TERPHENYL RESIN AFTER FURTHER HOUR AT SOO°C 
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INFRARED SPECTRA 



FIG&fcftd)&9. 
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FIG. POLYBENZYL RESIN AFTER FURTHER HOUR AT 300C 
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FIGJiCd) POLYBENZYL RESIN AFTER PROLONGED EXPOSURE TO 300C 
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FIG9. BENZOPHENONE. 
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